An accurate and unified description of the non-hadronic electroweak interactions of light-and heavy-mesons is possible when the dressing of quark propagators and the finite size of hadronic bound states is explicitly accounted for.
The study 1 of non-hadronic electroweak interactions is an excellent way to learn more about the long-range behaviour of the QCD interaction because the probes are very well understood. This is important 2 because only with a quantitative understanding of this part of the interaction can the properties of the deconfinement and chiral symmetry restoration transitions be determined.
Light-and heavy-mesons are bound states of a dressed-quark and -antiquark. That dressing is described 3 by the quark Dyson-Schwinger equation (DSE). Heavy quarks are distinguished by their almost momentum-independent mass function, which suggests the approximation:
whereM Q is a constituent-heavy-quark mass parameter. This behaviour is in marked contrast to the significant momentum dependence 1 of light u-, d-, s-quark propagators.
Bound states are described by a Bethe-Salpeter amplitude, which characterises the restrictions on the relative momentum of the constituents. This means that a further approximation to Eq. (1)
where The DSE framework reproduces all of the acknowledged consequences of heavy-quark symmetry and predicts that the mass of a heavy-meson rises linearly with the current-mass of its heaviest constituent.
1 This last result follows from a simple formula, exact in QCD, 4,5 which also yields the Gell-MannOakes-Renner relation in the limit of small current-quark masses and hence unifies the heavy-and light-quark extremes.
Earlier work 3 provides the foundation for a phenomenological application of the DSEs to an extensive but not exhaustive body of observables:
1 heavymeson leptonic decays, semileptonic heavy-to-heavy and heavy-to-light tran- Table 1 .
The results indicate that the heavy-meson binding energy is large, which means that in current experiments there is a signficant deviation from the predictions of heavy-quark symmetry, even in many ratios of observables. The deviations are ∼ < 30% in b → c transitions and can be as large as a factor of 2 in c → d transitions. Further, the demonstrated phenomenological efficacy of Eq. (1) and the more sophisticated description required for the light-quark propagator provides semi-quantitative constraints 4 on the behaviour of the QCD interaction at large distances.
